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Abstract of JP2004323509 

PROBLEM TO BE SOLVED: To 
provide an organic electroluminescent 
element having high electric current 
efficiency and light-emitting efficiency, 
capable of being driven by a low 
voltage, having excellent driving 
stability and heat resistance, and 
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having stable light-emitting 
characteristics. 
SOLUTION: A new 2,7- 
diaminonaphthalene compound is 
expressed by general formula (I) 
(R<SP>1</SP>, R<SP>2</SP>, 
R<SP>3</SP>and R<SP>4</SP>are 
each an aromatic radical which may 
be substituted, or R<SP>1</SP>and 
R<SP>2</SP>are together combined 
to be formed into a ring which may be 
substituted and R<SP>3</SP>and 
R<SP>4</SP>are together combined 
to be formed into a ring which may be 
substituted, provided that at least one 
of R<SP>1</SP>, R<SP>2</SP>, 
R<SP>3</SP>, R<SP>4</SP>, the 
ring formed by together combining 
R<SP>1</SP>and R<SP>2</SP>and 
the ring formed by together combining 
R<SP>3</SP>and R<SP>4</SP>is an 
aromatic condensed ring radical which 
is formed by condensing 3 or more 
rings and may be substituted). The 
organic electroluminescent element 
has a layer containing the 2,7- 
diaminonaphthalene compound. 
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^flc, ^^y viifrf iif If f>ii5 0 ifet^feii: LTIi, /u :/ u v , ^ !J 5 K ^ S 
#ft:^^i^{fibtt-5 0 #fei£ftfeiiii:L-tfi, D C M 2Hb ^<> / t°7 o 

5 „ 

[0100] 

JilEWK-^ffl^^fem^^-^t, hM^lOJ; D-C, — 1f-9f^S, 8#, 694H, 

803K, 958H ( 1980^) ; Rl 9^ , 85H (1981^) » ?ij ^ $ *L T ^ 5 % ft 6. * * if * > 
38 ft S ffi K - •? U *4 h L-Cffiffl-t-^r t#t?*5. 
[0101] 

* * M**4U:*tLT±1Emftfe?if;6 5 K — 7° £ *t 5 » fi > 1 0" 3 m.m%&.±fr#iz L < 

, * it i oit%KT#sfs k — 7°§ 1 o" 3 m m% *m x* =f- v> & m fa 
± *f -c* # & ^ -a- a* & o , i o m * % & *§ * s <t i& & ft # ig # , is ft 3b * o {g t tc 

[0102] 

- *\ Pft38ft£^-r38ftilf:i> a flf , ^ftttK-^^hi:**h#^£-aA,-ejfc/&;S 
}15„ K-/<>- F t LTIi, #J;ttfjg»i«7&V^Lll&a>e>®fi*x5&JR£:-^tr 

*T«AJl«lf#:i**rt'e>*t»ttA«»{i*:©Tl (ftigfibeHS^iJtfi:) i^K^TlSr^-r 

[0103] 
[0104] 

^ft38ft&^-rf§ft®(w<£ffl£;h,5** hunt Ltli, *t ft 38 ft 3: 

= /U ft t' <D U /V /<. / — /Uffi *g # (WO 0 0 / 7 0 6 5 5 fi;S) , b V X ( 8 — t K n 
* y > ) (USP 6, 303, 2 3 8 # 4* # ) , 2, 2', 2' ' 

- (i, 3, 5 - -<yf y h y ^) h y ^ [ 1 — y ^ =■ — 1 h - > x 5 ^ y — ] 

( Appl. Phys. Lett. , 78#, 1622JJ . 2001) , # V \f — # >V /< -/ — A> ( # Pfl 2 0 0 1 - 2 5 
7 0 7 6 ^ $8 ) ^*S*if P>^5„ 
[0105] 

£^lc#3e^«W^®#38ftii?^fc3o{-i-538ftJf5fi, h*tJ|s]*5J:t^»*ttK — ^ 

[0106] 

?S)tl5tt K-/-:y hi: LttW $ ^5ti^S®fr(Oili- 0. Ul%Ki#» 
*L<, ^fc3 0ll%«Ti!»*LV\ :oliiO. lfi*%*^T*(4^^0%ft^i^ 
fa±tc^-£T-#/<£^$§-£-#;fe<3, 3 0fi*%^@x.5i:*ra^JR^^I^±^2*^$r^^ 

[0107] 
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# £ L « IrJ # *> 5 . * * ft tt K - V h ir*1-*^fe^/i s l§3tS4 , lc-^W*n5^-^ 
, flE*ftfi*0>*tt» 0. 0 5fi*%W±/45$f*L<. 0. 0 5**%£Jl-Lasj:5»*l, 
< , *tl Oli%£lTi J ffiU<, 2li%£iT^i LV\ 
[0108] 

3gft«5(7)Jg|Jpti:. if 3 nmHl, 0* L < ft 5 n mKif* 9 > JfciS 2 0 0 n 
m J£i T , 0tL<lil 0 0 nmWTT-fc5)„ 
[0109] 

H)tl5 t,iEMili4 tPtro*ftt«^t5r t^T'^Si^ »*tt*£*l#ife# 10 

m ^ e> tt 5 „ 

WTtc, ±»o**fe*i3J:t//*ytt±»3tfe3R (i*tt K-^*v h) «: » ft « © * * 
[01 10] 

WIB*3tJi*^h«-JH-fc, K — r ffl ft * , ^ 9 , t^© h 

<^^JD^i^i^i)DL^»Lfc^*^^SrliS!lb. * If V =■ - h ft t* <Z> ;>f ic J; <9jE7L^^I 
— b » *!)7!) u-F, ^y^^x^^*s*1ff>tt2)„ ^ > ^ - #t JJg 12 in 1; tf* # 

jEn/m^&mm&i&T 5 o-e, 'Xev^ass* l < , it«3ti5 t»^«it-5 20 

[0111] 

Jt£li#8:«#"£-lc(i v ffl IE * * htt-».SrJtffi?S*rtJc»ll*n*:^y#^Aix, K — 
^ , -f5fe*«r»l©A'y#(CA*t. X^^^rt^ii^^K^^>^-C-lO- 4 P agglci 
T? # St L ft « , **©/uy#«rraWrtJ:*D«lL-C*^ HtKifeStlf , * £ fa 

i^^otli>tifcS«±CISrI^f5 0 2= ft, tero^jfeiLT, ifEwW^-Sr^fe^f 

[01 12] 

± ie # k - ^ v f jo* 9s ft m 5 iz K-^^tb^^-g-, is ft s 5 0? mm & 1*1 1- & v> t ±& — 
■c t> a v*. 

[0113] 
[0114] 

£ft LTSIftJi 5 icm^SraAi- SBrfflSrSft?-. t LT^V^^tt-S^t^li, M IE 

»«2fc«ja$ft5#»&IBVN.5::fcas«rtB-C*>a#. ^ & < « i£ A £ ft ? I* , 

[0115] 

mm 7 (Dmmi±m-% . M2^iffc5„ ®tt*iii!&&«;a>£>j£5iii8i7£r^ai-5 

[01 16] 
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w -c , 1212, 3tc^-f£o<, lETLfgj m m 4 t m m 2 t <o m 1- m m '< ? 7 r m 3 £• n a -r -5 

- ft » SI £ ff2 f& r 5 ^ £ d> "C # . *k W fc: £ £ , -f * *> „ lt,^*5j;T^Tg^iii<, It <t 
L T 1* 300^ £1 ± % T g t LtliiootWl^I^^ II:, * vfc # V > /U& 

[0117] 

r cd @ to co at> ic , rn*T-fc, ffi7^p->7 = yf ®7^D->7-yft^fe ( 4# M bs 

63-295695 # 4* fg) x tK U T — D ^ ( Appl . Phys. Lett. , 64# , 1 245H , 1994*f ) , tf? <J f- * 

(Optical Materials, 9# » 125H\ 1998^) ^ CD W ^ it & to ■. • 7> — 

sK^BI (Synth. Met. , 91# , 73R, 1997^) , ✓< -f ? A & it to , /W- = ^ A & -ft ^9 , 

* v 7? ^m<tvom<o &mm<tvo ( j. Ph ys . d, 29#, 2750H. 1995^) isssjjvti^ 

o 

[ 0 1 1 8 J 

ll-251067#^«» #| 2 0 0 0 - 1 5 9 2 2 U^a§tEt) » ^ # ©5 T 

T ft 5 S 1 - 1 3 5 2 6 2 ^-fiS, i|$P!3z:il-283750-S§-<k$g, # B3 2 

000-36390-§- ^ $R , #1 2 0 0 0 - 1 5 0 1 6 8 #1¥ 2 0 0 1 - 2 2 

3 0 8 4 ^^®, t>iO!W0 9 7 / 3 3 1 9 3 t^8*i') » * It \Z # V f * 7 * > CO 
^Wtetfy-*' — & (#W¥lO-9 2 5 8 4-^-^#) ft ^ m if h ft 3 , r jlf, 

K IS ^ $ ft -5 t> <r> X li ft v " „ 
[0 1 19] 

ie>i^?7rl 3 **** i; Utt, • SSa-^^-fftoffc'&ttSrJBv^S 

[0120] 

BS^77 7 |3©|^{ ) , jE?L*(i3iJi4tiBi«tL-c*«?»^Rri6-e*>5as, mm to 

[0121] 

u±<Dm\z.i,xmi$.&frz>ffim^v7Tm3<Dmmte. i&ft^-it&to&m^^xi&i&zri 

5 . TPfiliIt3 nm, !f t K li 1 0 n mllffc 0 , iilil^l 0 0 nm, 0 

* L < ti 5 0 n mS* T* $> 5 „ * tc ft # * it & to Z 81 \*^Xl&f& £ ft 3 y 7 7 i 3 © 
^^COTBSfiii^ 5 n m, »*L< lil On mlfitfc •? , iPSIilf 1 O 0 O n m, » 
H<tt5 0 0 n m g ^ "C &> 5 „ 

[0122] 

*^c938)t$i££Ktcfo±£-a:5r < i:&B#ji:L-C, El 3 K ^ -T £a < , ^3fcl5 tii 

7 nmuzm + mmm e &wtnx t> & m + ffi&m 6 « , m^sr-s-jtbftfcmjsiwfc:**^ 

t> $ ft -5 „ 
[0123] 

«^£S6fcfflv^*b5«^f§iiHttte-&^i: uij, mm 7 ^ h <om^&A^im^m 

T h 5 r. t *5 it* W X *> -5 . 
[0124] 

-W«tpft^ftS:Slfc-r«JPfi: U T tt , 8-t Kd#->^7 y VOT/U^^^A^^ft^ 
<0 ^{^•fk ^to (# M Bg 59- 194393 4t $8 ) , 10-fc K n Jr y y [h] y |) XO^ftft^ 

to, * / - jvmmfc , v?^^y/l-t*7i=yP^^^. ->n-yp^^^ % 3-*7t« 

5-t Kn^i/^^^^ttflEik-g-*, 'O'XjJ-^-iri/ — * # It & to . *< *s *S ?■ T V — fr> * 
ttit&to. Mx^yX^f ^/!)/l-<yf ^ (*H#fr^5.645,948^-) , * y ^ -fr y 



(37) 
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(4#lfi¥6-207169-§-^$g) . 7 * -T S V a V V ^ ft: ( ft ffl ¥■ 5-33 1 459 4§- ^ $8 ) 
. 2-t-^^/U-9, 10-N, N' -i? ~> T S T > h 9 * S * &4 5 X, n S * iSHIi # & SC £Hfc ~> !) = 

[0125] 

l^iil 6 rogfll, if 5 nmKl, »*L<ttlOnm«±-e*>9, * fc il f 2 
OOnm^T, »*L<(il00nm«TT-fc5o 
[0126] 

m^*w&S6f3. 3E?L*&il6*4i:l5Itll^Lra*jfe*>5VNH:|Cgg3lK*feKJ:0»3tJi5 

[0127] 10 

II-, Mitt 7 & B 1 . 2?>3§}tJi5i:<75#ffi. *fcf*|^^7<!:B13om^^i^lS6i:ro 
ffi Kl , L i F , M g F 2 , L i 2 Ofc^<D«j$i|fegkIg (9lff 0. l~5nm) Jrjf At 5 CI £ 
"b , tf> * ft _b £ 5 t? &> -5 ( Appl. Phys. Lett. , 70# , 152H, 1997^ 

; # ffl ¥ 10-74586-^- <k$B ; IEEE Trans. Electron. Devi ces, 44^, 1245H, 1997^) „ 
[0128] 

*&w<D^mm&&ytm*te. ±®.utz.&m <d^k *> , mm t mm t ©p B iictti©i *• 

. Hli:H:iS»ro#|J6, BP S*5±l(cpi@7, IS ft g 5 , 3E ?L $6 i& S 4 , M « 2 09 ffi 20 
mm-rZ>^tt>*JMT'$>>9, gE i& L J; ? K '> & < s6S8Wtt0>i*v^2tfca>£;K© 
Wl::*»W© : fir««ff*** ; ?-«r«rt-ar.i:t^r«-e*>S. H tit K , 12, 3tc^L/cHtF 

[0129] 

*&W(Dmmn&&ytmi L it. mm*nwtx*& , * — © * ^ , ru-i-tttcisa^tL 

[0130] 

r«i p 4*«t#?g*^^lCintf, jE ?L i£ S 4 [C, iE?LaAliiillB6>4Si«<, 75>o 
, 38ftJl#®i:c£>|5tet>'>&<, S 6 Kl , S5 T g £ * L , ^ ^ I- li *S (Pa 4k L ft # f§ 30 
©2, 7-v?T$/-^7^UV-fb-^#J^-^^T$-lir5r<k(CJ;i9 v S»t#>35*iJ:tfSgft$>^ 
fiSEIl* ^ #t§ T* IE » ?c , »Hfttttc«tLfcW^S#fg3t*^^^tt 

[0131] 

* *J , *»WH:«5J|(HS — (I) T-*£4x52, 7-v ? T5/-^7^t->"fk-a-^Ji 

o 

[ * Ife M ] 

[0132] 40 

sr m x. tt ^ m v , w r w m m m <d is m \z. pg s £ th s t> ^ -e a * 

[0133] 

St tt ft l m^ik&Vo ( l ) o # 

WTW«it^:iw^-rft:^BJW2 > 7-^X57 + 7^^^^-^^ ( flf 5* {fc (1) : 

* - 1 O N o . 1 <D it ) &-£-/&Lfc 0 
[0134] 
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[0136J 

2 , 7 — fc Kci+^t7^ l/yi6.3g(0. 102mol) % p - h )V ^ i? > 27. 3g (0. 245molK 
t5±tf3 £ 3R 1. 3g(0. 005raol) \C V 7 ^ ^ l" V ^ V 3 ^ ^ f-;l/X - 7 /U4mLSr *0 X_ x 

^Sf#ffl^T, 165t:-e5. 5B£R3Kj£; $ *fc e SJ£^T*&, R/EffcK ^ * / — A- 150mLSr JD 

#£§^27. 5g(0. 081mol, ifc^80%) 
[0137] 

2) N, N * - tf * (4-^^yW^3i^/U) -N, N ' - v> (9-7xt>M/W 
-2, 7-v^T^/^^^UVO^^ 



(39) 
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lit 1 5 ] 




10 



[0138] 

N, N* - tf * ( 4 - y f/U -7 zz. ~/U) -2, 7 - v?T 5 J ~T V $ \s ^6. 40g(0. 019mol 20 
K 9-H — K7i h Uyi6.0g(0. 042raol) „ ffl 2. 4g (0. 038mol) *3<tt^J^^^7 y [>A7. 

8g (0. 05 7mol) {C J- Y J =^ *7~ Is V if V — /U *J * J\s ^ — *r /U30raL£ 1JU 7L . g |{t T\ 200^ 
t8l$Wfi(SS*fco S^E^T^. gJEffiCr h7 t Kp77^ (THF) l50mL£ Jq x_ >F 
* 4fe «: it S»J L • a*C*4tt5THFS:jj!Ei4Lfc«, ^ y — m btitc 

ttJR**atilfcJ:OiaJRLfc. »e>ttfcfl:»*«r^y*yyu*7^^i3^h^97^ — ( 

1 0 JL6ftft*7.54g(0.011iBol l ft *58%) £ # fc 0 
[0139] 

- <?>?L 6 fe«&*0. 72g5r#»»® b fc t r 5 . »Sfi7 ^ #@#0. 51g (JR* 72%) # 0 
ifc£*L/c 0 0ifc^<7)«S;##f Srfro 1t t Z 5. »iP**S 690-ca> o fc r. £ & „ KSJtfe 30 
T*jRBfr#«SMfc-fr4fc (1) "Cfc5:tS:»BLfco * > t^-l^tt|DSC- 

2 0 tc i o «H^^«ftll^ bfc r Tgttl52ttKV^ft*Lfco M^ttiKv^* 

© <z> * fcH -e # * a> o fc 0 

[0140] 

* ytmfcV 1 H - N M R ( CDC1 3 , 270MHz) 7^^^KTI:*to 
8.69 (d, 2H, J = 9.3) 
8. 66 (d, 2H, J=9. 3) 
8. 06 (dd, 2H, J = 8. 2, 0. 9) 
7. 70 (dd, 2H, J = 7. 7, 1.6) 

7. 62 (dd, 2H, J = 6. 9, 1.6) 40 
7.60-7.49 (m, 6H) 
7.55 (s, 2H) 

7.43 (ddd, 2H, 7.2, 6.9, 0.9) 
7. 13 (dd, 2H, J = 8. 9, 2. 0) 
7.02-6.99 (m, 8H) 
6.89 (d, 2H, J = 2.0) 
2.26 (s, 6H) 
[0141] 

mmm 2 : m & ft & m (9 1 ) <d^$l 



(40) 
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: 1 <D N o . 9 1 <D ft 

[ ft 1 6 ] 




[0142] 
1)2,7 
[ ft 1 7 ] 



HO 



(CF 3 S02) 2 O 

CH 2 CI 2 , Et 3 N 
0 °C-»rt, 4.5 h 



[0143] 

2 , 7 - i? t KDJf-->t7^ uyil.8g (0. 074mol) & J U >■ 300mL*5 ±0 1> !) i 

* 0g(0. 177raol) £ 2 Bf R ^ tt T AD ;t ^ , 2B# Pal d» ft T £ ?fi * T* # fi L > £ ifi T* 30 

#&l«#Lfc. S^?S-g-^^7K 300n.L(r^tti L. mW^tzW:. W$S/l£#I&Lfc 0 * ffiS 
®?-^*V!7.^ fflt » » SI ^ . ^ ^ / - ^fff^fat 5 I «!: l:i 0 6fegf B 23. 6 
g 

(0. 056raol, ifc§?5 75%) 
[0144] 

2) 2, 7 - fcT ^ (N-*^^/ U ;v) -T 7 5> \s ^ <D & 
I ft 1 8 ] 



TfO 



OTf 




Pd 2 (dba)3/dppf 
K 2 C0 3 

xylene 
120 °C, 8h 




[0145] 

2, 7-fc*;* ( h !) 7;Ut a ^ f A- 3r -> ) t 7^ l/y3.50g (0.0083mol) 



(41) 
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, 13 A- s< y — JV 3. 31g (0. 0198raol) , fi&.W.'ft V !7 6. 48g (0 . 0469roo 1 ) (C 3- -> U >• 30mL £ flP 
x. . £ X T , 80*C \Z. # a L fc & . h y * (iJ'O^PryTt hy) ^ ys* 7 5? 17 A ( o ) 
0. 17g (0. 0 0016mol) i: 1 , 1 ' — f X (i?7ai=yW*X7-f/) P'3io-fe>'0.36g(0.00065 
rool ) frh m SI L tz 1& m. <0 *r ~> U ^ *g f£ l OmL £ 5# m *» It T AD X. . 1 20=0 T' 8B$ Pal S JES $ -fr 
fc^. SfidftglfK »«lLfc„ ^no*/u^*sj;ue^cSrJnit, #r Hi 4fc £ 8? L , WIS » 
£ # & L fc „ «t*WE»-9-^*'>^^t?IS:j»» ffi iS , » SI & » ->y *^;v*7A^ o-7 
7 7 4- ( ®P jK : ~- * If- > / h ^ V = 4 / 1) JCtoTWSSL, >^y-/PT*J5fe# 
tSitti? S fe*&*0. 85g 
(0. 001 9mol, JR * 22%) # # <b ft, fz. e 
[0146] 

ri* #J tjMI: # (9 1) T-foSrirSTfilfgLfc. * fc , ir -Y = — tf ttiD S C - 2 0 lc ± 
Uf;ir5« T g f± 93*0 X- fc 9 , It M. fi 250*0 T* o „ 

[0147] 

IS 6 * CD 1 H-NMR (CDC1 3 , 270MHz) =f — $ £r Si. T J- ^ i" „ 
8. 20 (d, 2H, J=8. 5) 
8. 19 (dd, 4H, J=8. 0, 1.5) 
8. 12 (d, 2H, J=l. 9) 
7.79 (dd. 2H, J=8. 5. 1.9) 
7.53 (dd, 4H, J=8. 0, 1.5) 
7.45 (ddd, 4H, 8.0, 7.6, 1.5) 
7.33 (ddd, 4H, 8.0, 7.6, 1.5) 
[0148] 

mmw 3 ■. mmik&m (1) <on%{t*Mb - 

B A S U 7 M^^/PTt?^ f- 6 5 0 Al:± t) , iSSSSf h ^7^ 

= >7 A 0 . 1 M©«ft^ f uyjg^^f. ^fflfffitLTBASSGCE, 2t « 1£ i: L 

tp ti, # as tgHTAgi^i^t, #j ^ a; -a- (1) » d- ^ y ^ ^ # a- * > ^ h 

y - £ fil 5£ L fc £ r. 5 . B ft M tc « {5 14 0. 83 V vs. S C E T? 9 . «K « # 38 ft * © JE 

nmmmum t ltis4i^* l . & *s . Kftsiteiirtiist lt7x nt> 

[0149] 

* fc , i^ittsr t ici ^iLfcw^ft^fe (1) <o n mptft (o 4 * v it jk y v 
•>^/^isftfs (*) sa © a? m m ^ # #f s (ac-i) v^tMSLfctii. 
5.07ev-efc ftMw.&mytm*<DjEjL$9immpint vxmmtem&^^tz. 0 

[0150] 

[0151] 

Jt$fc0ijl (L) O-g-^ 

2, 7-v*fc Kn^rv'-f7^l^y©ttb>9lC2 ) F d ^f-v/t 7 ^ U > ^fc 

fife i±. 3Hfi«itiBi*o*ife-c» TB*asc-c**n5ifciiHk** (l) ^-a-^Lfc. 

[0152] 
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[0153] 

r. <r> tt m it -a- m ( D co^t, jiig^j3irp#o*-feT--9--rys/^/}?^^>'^ h y - 20 

£ ffi j£ L fc t r ^ x ijtljcltli0.51Vvs. S C E tfcofc, t£i$. m it M yc « (fc f± ft 

y ->t^5:lllSW 3 t^tlCiJ^Lfctr^, 4.75eVT-fc>3, -f *t #J ( 
1) J: <3 t o „ *fci. *Bltt*4©^«»#©«ifc;*^*b/i'&H£Lfc##H:B4 
tc^-rilOT-fe*). aWtt{cov-Cfc«35%{k*«» (1) ±D*5t»t*>ofe, 
[0154] 

: m^it&Vo (1) SrttfflLfc^aWWJB**^©^!* 

B3fc*r*ift**i-s*«mji^*a^*:«T©#8fe-ef£«Lfc. 

[0155] 

#5^SK±C-f ■ ^Xiftft (I TO) S W £ 120nmit« Lfct© ( 30 

i? * T y ? tkM ; « ^ If - A /& Bl D a n ; v- - h fci 1 5 Q / sq) £ il © 7 h U V ^ 7 7 
^S^ir^^^y^V^SrffiV^r 2mm«(>I h 5 ^ - = V ^ t t »tt 2 U 

fc„ ^*-vff0/&L.fcITOg>K£. Tirh>-[^iSS^&^^. M * fc <fc 5 7k i5fe > W y 
7°ot°/UT/w = -/w{c:J;5^ : g : Sl5fe^^)ffiT-i5fe#^, «*7*n--cftflk$-e-, ft & K fl- 

[0156] 

& K , iiAy 7rl 3 t LTTEiilWf f «-^7 5 V^t^P x-f;U (P-l) 
(fi*¥^^^*25,300;^f7^e^fi«171 < C) fcit5r.ro (P-l) l:»Ll Olt% 
(O T IE it -g- 4fc (P-2) £TfEro£#-e, ±|S^7^S«±t-^f^ = -hbfc 0 
[0157] 40 
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Ift20] 




(P-1) 



[0158] 
lit 2 1 ] 



F 




F F 



[0159] 

mm : £ .e» m m ^ * 

( P - 1 ) »* : 20 [n.g/ii.1] 

( P - 2 ) jgS : 2[mg/ m l] 

* f^-lHl ijggc : 1500 [rpm] 

* f SHE I* IHJ : 30 [fi>] 
Stmgkft : 100tT*1.5^P a 1 

[0160] 

±i5o^.fv^-h^j;i9 zonmco mm <o & - temmj&vt * m zmm'<*y7Tm3&M 

[0161] 

C>feSNm^»Ii)fe^V^'{Cj; 9ff ofet, 8f rt©I^S^2X 10" 6 Torr (l!)2.7X 10' 4 Pa 
[0162] 



(44) 
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? is ? /\s%k 

10* 4 Pa) T* 
[0163 

91 K« . 

^ =. r> ,6k CO 

[0164 
[ fb 2 2 ] 



sa m £ tt -fe 5 ^ ^ * x y * #y * ft ^ ( 1 ) a ti > ^y^ojii^ 

t— ^-X'SDSlLTif 5:fTofc 0 l«B*^)I^Sttl.3X 10" 6 Torr (ftl.7X 
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